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Description 

BACKGROUND OF THE INVENTiON 

1 . Reld of the_ Invention The present invention s 
relates to a method and apparatus for distin- 
guishing multiple subpopulatlons of particles in a 
sample, and more particularly, concerns a meth- 
od and apparatus for distinguishing and quan- 
tifying a greater number of different im- w 
munofluorescent stains in a single cell popula- 
tion than the number of light sources available 

to provide excitation energy to the fluorescent 
stains. 

2. Description of the Prior Art Recent cytometric is 
analysis of cells, particles and the like has em- 
phasized the utilization of cell surface markers 

or Immunofluorescent stains to study the dis- 
tribution of antigens on various subpopulations 
of cells. Cells to be studied are labeled with 20 
immunofluorescent stains bearing different 
fluorochromes in order to correlate the antigenic 
determinants on these cells or particles. As used 
herein, tiie term "immunofluorescent stains" re- 
fers generally to a chromophore physically at- 25 
tached to another molecule which adds specific- 
ity to the attachment of the chromophore to a 
target An example of this procedure is the 
coupling of a fluorochrome to antibodies or to 
hormones. This type of fluorescent staining, ac- 30 
cordingly, is quite different from the known 
staining In which the specificity of the reaction is 
imparted by the chromophore itself. An example 
of this staining is the reactivity of certain dye 
molecules with DNA in which internal elements 35 
of the cells are stained with different dyes in 
order to assess characteristics of those cells. 
One of the difficulties encountered In using 
immunofluorescent stains in a flow cytometry de- 
vice relates to the ability to detect multiple stains 40 
on cells in a sample. Presently known and available 
flow-through cytometers useful for detecting par- 
ticles, cells and tiie like, commonly include two 
channels for the detection of two independent 
stains on cells in a mixture. For example, devices 45 
are known which include two fluorescence channels 
which can detect cells specifically labeled witii two 
cell surface markers, such as immunofluorescent 
stains, associated with the respective fluorescence 
channels. In these known devices, a complete flu- so 
orescence channel including the electrical circuitry 
and fluorescense detector has been required for 
each category of fluorescent-reactive cells to be 
detected in the mixture of cells in the sample being 
analyzed. Therefore, in order to detect multiple 55 
subpopulations of cells in a sample using flow- 
through cytometry, an equivalent number of flu- 
orescence channels is employed using the known. 
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conventional devices. If only one light source, such 
as a laser is used, a dual-pass protocol can be 
used to sequentially assess two antigenic deter- 
minants. However, it has been known in the art that 
a single light source can be used as an excitation 
source for two fluorescent dyes or stains. For ex- 
ample, cells labeled with both fluoresce in and 
rhodamine have been analyzed so that the emis- 
sion from either chromophore was detected in- 
dependentiy even though the emission spectra of 
the dyes overlap. A simple wavelength of excitation 
was used for the excitation of the two dyes. This 
achievement was described by Loken, M.R., Parks. 
D.R. and Herzenberg, LA., "Two-Color Im- 
munofluorescence Using a Fluorescence-activated 
Cell Sorter," The Journal of Histochemistry and 
Cytochemistry, Vol. 25, No. 7, pp. 899-907, 1977. 
Recent developments in Immunofluorescent stains 
have improved the single laser excitation of two 
stains. The use of phycoerythrin and fluorescein as 
dye pairs In immunofluorescence has been de- 
scribed by Oi et al., in "Ruorescent 
Phycobillprotein Conjugates for Analyses of Cells 
and Molecules," The Joumal of Cell Biology. Vol. 
93, pp. 981-986, June 1982. 

However, presently available flow cytometry 
devices generally employ two lasers in order to 
excite two distinguishable fluorescent markers. 
Consistent with this limitation is the fact that a 
separate light source, such as a laser, is generally 
the mechanism relied upon to excite each different 
type of immunofluorescent stain which has been 
tagged onto a cell or particle to be studied. Thus, 
in order to analyze or quantify two different im- 
munofluorescent stains in a single sample, two 
lasers providing excitation energy at signlficantiy 
separated wavelengths are normally employed. Ap- 
paratuses utilizing two lasers for analyzing an 
equivalent number of immunofluorescent stains are 
described, for example, in U.S. Pat. Nos. 3,826,364 
and 4.284,412. Use of two lasers in a flow system, 
although not related to immunofluorescence, was 
also described in Stohr, M., "Double Beam Ap- 
plication in Row Techniques and Recent Results," 
in Proceedings of the Second International Sympo- 
sium on Pulse-Cytophotometry, Golde, W., Schu- 
mann, J., Sucker, T., eds., European Press, Ghent, 
1976. pp. 39-45. 

Specifically, if two lasers are to be utilized in a 
flow cytometry device, stains having sufficiently 
separated excitation and emission spectra, as well 
as lasers having, sufficiently separated primary 
emissions, should be chosen, if available. Im- 
munofluorescent stains that may be used to bind to 
cells and which are well-suited for two-color two 
laser flow cytometric analyses are fluorescein and 
Texas Red. The use of Texas Red as an im- 
munofluorescent stain has been described by Ti- 
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tus. JA. in "Texas Red, a Hydrophilic, Red-Emit- 
ting Ruorophore for Use with Ruorescein in Dual 
Parameter Flow Microfluorometric and Fluores- 
cence Microscopic Studies," Journal of im- 
munological Methods, 50 (1982), 193-204. 

Improvements in the availability of lasers to 
provide more optimum matching of the excitation 
energy lines to the excitation spectrum of the sec- 
ond fluorophore have been reported. Use of a dye 
laser as a second laser in a dual laser flow system 
provides emissions to excite a second fluorophore. 
Such a system has been described by Amdt-Jovin, 
D.J.. et al.. in "A Dual Laser Flow Sorter Utilizing a 
CW Pumped Dye Laser. Cytometry, Vol. 1, No. 2, 
pp, 127-131, 1980. 

However, the need to assess three, four and 
even more antigenic determinants in a single pass 
through the flow cytometer has become a sought- 
after goal as more research is being performed on 
heterogeneous cell populations. 

A three-laser flow cytometer has been de- 
scribed wherein three fluorescent dyes (of the 
DNA-staining type), having different excitation 
spectra, have been detected on ceils. Steinkamp, 
J.A., et al., "Three-Color Ruorescence Measure- 
ments on Single Ceils Excited at Three Laser 
Wavelengths," Cytometry, Vol. 2, No. 4, pp. 226- 
231, 1982. Another description of using multiple 
light sources is found in Shapiro, H.M., et al„ 
"Cytomat-R: A Computer-Controlled Multiple Laser 
Source Multi-parameter Flow Cytophotometer Sys- 
tem," The Journal of Histochemistry and 
Cytochemistry, Vol. 25, No. 7. pp. 836-844. 1977. 
However, the need, as alluded to above, is to 
minimize the number of light sources which are 
required to provide excitation energy, while yet 
being able to analyze multiple subpopulations of 
cells. To this end, each light source would desir- 
ably excite more than one fluorescent marker. 
However, when two light sources are employed, 
problems arise relating to the spectral spacing of 
the Immunofluorescent stains which have been 
available. In order to avoid the expense, complica- 
tions and complexities of adding new light sources 
for each antigenic determinant under study. It 
would be most advantageous to use light sources 
which excite multiple immunofluorescent stains. 
This advantageous feature was demonstrated to be 
practical by Loken et al. 

There are many Instances when it is desirable 
to be able to detect multipfe subpopulations of 
cells from a sample mixture with a single pass of 
the cells through the region where analysis occurs. 
Such analysis desirably includes the assessment of 
subpopulations In region where there is an overlap 
of cell parameters under study. For instance, in 
perfomning certain tests on blood, it may be desir- 
able to detect or quantify the proportions of T-cells, 
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B-celis and monocytes in a single pass of cells 
through a flow-through cytometer. Similarly, the 
detection and quantification of other multiple sub- 
classes of leukocytes may also be desired. Clearly, 
5 this has created formidable problems. While It Is 
desirable to be able to detect, and also quantify, 
multiple subpopulations of cells from a sample 
mixture, it is even more desirable to minimize the 
number of light sources, such as lasers, and the 
10 associated circuitry. With this in mind, the present 
invention is directed to solving the aforementioned 
problems while satisfying the desired need for the 
determination of multiple labeled subpopulations of 
cells from a sample mixture, with little compromis- 
75 Ing of any of the fluorescence signals. 

Above-mentioned Joumal of Cell Biology, Vol. 93, 
June 1982, pp. 981-986, Elsevier Biomedical Press 
discloses a method for distinguishing and deter- 
mining of multiple subpopulations of biological cells 
20 in a sample by immunofluorescent methods, the 
method comprising the following step: 

(a) labelling biological particles with a plurality of 

different surface marking agents responsive to 

light stimulation; 
25 (b) passing such labelled biological particles 

through a plurality of spacially separated areas, 

and 

(c) detecting the characteristics of different bio- 
logical particles labelled with different surface 
30 marking agents simultaneously by optical 
(including immunofluorescent) methods and 
thereby distinguishing the particles from each 
other. 

As explained in detail in the passage bridging the 
35 left and right column on page 983, the 
fluorescence-activated cell analysis was performed 
using a modified Becton. Dickinson & Co, fluores- 
cence activated cell sorter which requires an elec- 
tronic compensation as dealt with In detail in the 
40 fifth line in the right hand column referring to a 
publication by Locan et al in the Journal of 
Histochemistry and Cytochemistry, Vol. 25, No. 7, 
pp. 899-907, 1977. In other words: The Joumal of 
Cell Biology requires a combination of optical and 
45 electronical means for the separation and detection 
of the fluorescence of the two light beams. 

SUMMARY OF THE INVENTION 

50 A method for distinguishing multiple sub- 

populations of particles in a sample comprises se- 
lectively labeling particles in a sample with plurality 
of different surface marking agents. Each marking 
agent has distinguishing, quantifiable marking char- 

55 acteristics. The labeled particles are passed, sub- 
stantially one at a time, successively through a 
plurality of areas of detection to detect the char- 
acteristics of one or more different marking agents 
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on particles in each area of detection. A greater 
number of marking agents are detected than the 
number of detection areas through which the par- 
ticles pass. This method Includes distinguishing 
differences among the particles relative to the de- 
tected, different quantifiable characteristics of said 
marking agents. 

In a preferred embodiment of this aspect of the 
present invention, the nnethod is defined in in- 
dependent claim 1. 

Another aspect of the present invention is an 
apparatus as defined in claim 1 1 . 

Further embodiments of tlie method and the 
apparatus can be found in the dependent claims. 

In accordance with the principles of the present 
invention, a number of advantages and objectives 
are attained. Primarily, the present invention per- 
mits the detection and quantification of multiple 
subpopulations of particles or cells in a greater 
quantity than the number of light sources, such as 
lasers, employed. Thus, a greater number of cell 
subpopulations can be determined in a single pass 
through a flow cytometer because the present in- 
vention utilizes a feature wherein a single light 
source, such as a laser, can excite more than one 
immunofluorescent stain or the like. By selecting 
fluorescent surface labels which, though sufficiently 
separated in excitation wavelength to provide dis- 
tinguishing characteristics, are close enough in 
spectral range to be excited by a single light 
source, dual color immunofluorescence results 
comparable to the two laser excitation mechanism 
can be achieved. When this approach Is employed, 
it Is feasible to simultaneously quantify at least 
three different immunofluorescent stains In a single 
cell population by using only two lasers, and it is 
possible to extend this approach to detect four or 
more cellular Immunofluorescent stains. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic illustration of a preferred 
embodiment of the optical elements and light 
paths of a flow cytometry device particularly 
useful for determining fluorescence related to 
multiple subpopulations of particles and light 
scatter parameters of particles flowing in a flow 
path; 

Rg. 2 is a graphic representation of the detec- 
tion and quantification of three subpopulations of 
leukocytes in a sample determined by a single 
pass through a flow cytometer incorporating two 
lasers therein in accordance with the principles 
of the present invention; and 
Rgs. 3-5 are graphic representations of correla- 
tion plots of fluorescence parameters of the cells 
which have been detected. 
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DETAILED DESCRIPTION 

While this invention is satisfied by embodi- 
ments in many different forms, there is shown in 
5 the drawings and will herein be described in detail 
a preferred embodiment of the invention, witii the 
understanding that the present disclosure Is to be 
considered as exemplary of tfie principles of the 
invention and is not intended to limit the invention 

70 to the embodiment illustrated. The scope of the 
invention will be measured by the appended claims 
and their equivalents. 

Adverting to the drawings, and Rg. 1 in par- 
ticular, the optical and particle flow elements of a 

75 flow cytometiy device 10 are illustrated. The op- 
tical and flow elements of Rg. 1 represent the 
major components of a flow cytometry Instrument 
for flowing particles in a liquid stream, substantially 
one at a time, in order to analyze those particles 

20 for specific characteristics thereof. For example, 
the elements of the device of Fig. 1 may be 
Included In a FACS fluorescence-activated sorter, 
manufactured and sold by the FAGS Systems Di- 
vision of Becton, Dickinson and Company, Sunny- 

25 vale, California. The FACS cell sorter analyzes and 
separates cell populations on the basis of light 
scatter and fluorescence in a wide variety of re- 
search laboratory applications. In addition to the 
optical and flow elements to be described in more 

30 particular detail herein, and which may be em- 
bodied in an instrument such as the FACS cell 
sorter, other details of a cell sorting apparatus 
useful In conjunction with the present invention are 
described in U.S. Pat. No. 3,826,364. It is under- 

35 stood that the present invention is useful In many 
different types of flow cytometry devices, whether 
measuring light scatter, particle volume, fluores- 
cence or any other optical parameters for the iden- 
tification or quantification of subpopulations of par- 

40 tides in a sample. The optical elements, in particu- 
lar, of the present invention represent the essence 
of the improvement in flow cytometry devices such 
as described in the aforementioned patent. 

As illustrated in Rg. 1 . light energy is provided 

45 for the present flow cytometry device by two lasers 
12 and 14. In this embodiment being described, 
two sources of light are provided in flow cytometry 
device 10 so that it is possible to detect and 
quantify a plurality of different types of particles 

50 having different fluorescence characteristics. It is 
understood, however, that the inclusion of two la- 
sers in the embodiment illustrated in Rg. 1 Is 
merely preferable and serves as an exemplary 
embodiment of employing more than one light en- 

65 ergy source and analysis elements in the type of 
invention being described. 

In the present invention, lasers 12 and 14 are 
selected to produce primary emissions of coherent 
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light at specific wavelengths separated from each 
other in the spectral range. For example, laser 12 
is preferably selected to operate in the blue/green 

spoclral rogion wfioroby fluoraofirainaQ. wfiioh flu- 

oresce when illuminated by optical stimulation of s 
certain wavelengths, attached to particles passing 
through the light generated by laser 12 will become 
excited. One such laser useful for the present in- 
vention is an argon ion laser having a primary 
emission at 488 nanometers (nm). Laser 14 is io 
preferably selected to operated at a different, sepa- 
rated wavelength from laser 12. Particles having 
fluorochromes thereon which fluoresce when illumi- 
nated by optical stimulation of the wavelength of 
laser 14 will become excited when these particles is 
pass through the light generated by laser 14. The 
operation of laser 14 may cover the yellow/red 
region of the visible spectrum so as to be substan- 
tially separated in wavelength from the specti-al 
region of laser 12. One such laser which satisfies 20 
this requirement is a rhodamine 6-G dye laser 
which has a primary emission at 600 nm. Another 
laser which has a primary emission (633 nm) suffi- 
cientiy separated from the argon ion laser and 
which could serve as the second laser in the 25 
present invention is a heliumneon laser. Other la- 
sers, if available under the criteria described here- 
in, may also be selected. It is desirable tiiat tiie 
difference In wavelengths of the two lasers be 
substantial enough to be outside of the spectral 30 
range of excitation and emission of at least two 
immunofluorescent stains to be excited with each 
laser. It has been found that a difference in 
wavelengths between the two lasers of 75 to 100 
nm, or greater, permits the desirable result just 35 
described. Of course, the selection of tine im- 
munofluorescent stains or other quantifiable surface 
marking agents must be compatible with the lasers 
which are used in the present invention so that two 
or more immunofluorescent stains, may be excited 40 
by the light energy provided by each laser. 

Emerging from lasers 12 and 14, each beam 
16 and 18, respectively, may pass through beam 
expanders schematically indicated by numerals 20 
and 22 which enlarge each beam while retaining 45 
the parallel character thereof. As each beam 
emerges from the beam expander, which is prefer- 
able but not necessary for operation of the present 
invention, it normally must have its direction 
changed due to space requirements in the flow so 
cytometry device. To this end, beam 16 is re- 
flected tiirough prisms 24 and 25, while beam 18 is 
reflected through prisms 26 and 28. All of these 
prisms may be made adjustable to properiy align 
the beams during operation. ' 55 

After beams 16 and 18 pass through the 
prisms, they are directed toward lenses 30 and 32 
for focusing the beams onto the stream of particles. 
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While lenses 30 and 32, if employed, are selected 
in accordance with the type of flow cytometry 
device being employed, these lenses may be se- 

l&M irt mv6m wilh U iUtnpU iUred m 
patent application, serial number 361,672. filed in 
the U.S. Patent and Trademark Office on March 25, 
1982, and having a common assignee as tine 
present applicati'on. 

Once the laser beams pass through lenses 30 
and 32. they are directed onto particle stream 38. 
A nozzle 40, incorporated within the flow cytometry 
device of the present invention facilitates the flow- 
ing of particles 41 within fluid stream 38. The 
utilization of a nozzle of this type is well-known and 
is described, for example, in U.S. Pat No. 
3,826,364. In the present device being described, 
the two laser beam-particle stream intersections 
are spaced approximately 250 micrometers apart. 
As seen more cleariy in Rg. 1, laser beam 16 lies 
on tiie optical axis of a light-scatter channel and Is 
used for scatter detection of particles. It is under- 
stood, however, that tiie light scatter features here- 
in described are merely included to round out the 
features of a typical flow cytometry device which 
may rely upon light scatter to obtain information 
fi-om particles passing through the light beams. 

Thus, light beam 16 Is the first light beam 
encountered by a particle flowing in stream 38 
emerging from nozzle 40. Thereafter, beam 16 
strikes the light-scatter obscuration bar 42 on the 
optical axis of the light-scatter channel. Scattered 
light, collected by the lens 44, passes through a 
first iris 45 which determines tiie maximum angle 
of scattered light collected. Following first iris 45 is 
a beam splitting mirror 46 which reflects a percent- 
age of the incident light toward scatter detector 48, 
and transmits the remaining percentage of the in- 
cident light onto a light absorber (not shown). A 
second iris 49 functions as a field stop to restrict 
the source of scattered light to the point of inter- 
section of laser beam 16 and stream 38. After 
passing tinrough filter 50, the scattered light is 
detected In detector 48. This detector functions 
elecb-ically to assess the size of the particles flow- 
ing in the fluid stream according to well-known 
techniques. 

In the embodiment of the present invention 
illustrated- in Rg. 1. laser beam 18 is also directed 
at flowing stream 38, but is vertically displaced 
from laser beam 16 along tiie vertical axis of tiie 
sti-eam. Light from beam 18 scattered by a particle 
is picked up by tiie scatter-channel optics, but 
preferably blocked from detector 48 by the dielec- 
tric filter placed in the scatter channel. 

With respect to the fluorescence channels, illu- 
mination provided by the different wavelengtii op- 
eration of the lasers is available for sequential ' 
exci^on of fluorochromes having predetermined. 
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substantialiy separated emission spectra. At least 
one. but preferably two or more immunofluorescent 
stains having different emission spectra are excited 
by the exdtation energy provided by the light en- 
ergy of each laser. As seen in Fig. 1/ the two s 
independent laser beams intersect stream 38 at 
points vertically spaced so that a particle crosses 
laser beam 16 first and then laser beam 18. Ac- 
cordingly, two pairs of optical signals may be gen- 
erated by the particles passing through the light io 
beams. These pairs of signals are preferably 
spaced In time by the time required for the particle 
to travel from the first beam intersection point to 
the second beam intersection point. This time 
spacing permits the pairs of signals to be sepa- is 
rately analyzed giving signals proportional to the 
fluorescence emissions of the particles when ex- 
cited at the two different excitation wavelengths. 
Ruorescence signals emitted from the particles are 
directed around obscuration bar 54 which blocks 20 
refracted light from the separated beams. All flu- 
orescence signals are focused by lens 55 prefer- 
ably through a first filter 56 which permits light only 
at specific wavelengths to pass therethrough. 

Fluorescence emitted by particles stimulated 25 
by light beam 16. after passing through filter 56. 
then encounters a dichrolc mirror 58. The purpose 
of dichrolc mirror 58 Is to separate two different 
colors traveling along the fluorescence light path so 
that they can be analyzed separately. For example. 30 
dichrolc mirror 58 would be selected to separate, 
for example, the different color wavelengths of par- 
ticles excited by light beam 16 produced only by 
laser 12, For instance, wavelengths in the green 
region would be transmitted through dichrolc mirror 35 
56 and then through a barrier filter 69 which is 
designed to transmit wavelengths of only one color 
region, in this instance green. Green light then 
enters a fluorescence detector 60. 

Light encountering dichroic mirror in the or- 40 
ange color region would be reflected by the dich- 
roic mirror through a barrier filter 61 which trans- 
mits wavelengths of only one color region, in this 
case, orange. A fluorescence detector 62 then re- 
ceives this orange light. 45 

Light beam 18 also provides excitation energy 
at a single wavelength sufficient to excite up to two 
fluorochromes different from those excited by light 
beanri 16. After the fluorescence emitted by the 
particles excited by light beam 18 passes through so 
lens 55 and first filter 56. this light encounters 
another dichroic mirror 64. Similar to the descrip- 
tion of dichroic rhlrror 58, the second dichroic mir- 
ror 64 is selected to separate the wavelengths of 
two different regions of the color spectrum. For 55 
example. fc)oth red and far red signals may be 
generated as a result of the single excitation 
source provided by light beam 18 directed from 
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laser 14. Wavelengths in the red region would be 
transmitted through dichroic mirror 64 and then 
through a barrier filter 65 which Is designed to 
transmit wavelengths of only the red region. This 
light is then directed to a fluorescence detector 66. 
Wavelengths in the far red region would be re- 
flected by dichrolc mirror through a barrier filter 68, 
whereupon this light enters fluorescence detector 
69. Accordingly, it can be seen that light from two 
lasers, each of which can excite two or more dif- 
ferent fluorochromes at the respective wavelengths 
of operation of each, allows the detection and 
quantification of multiple subpopulations of parti- 
cles in a sample during a single pass of that 
sample In a flow cytometry device such as de- 
scribed. 

Fluorescence detectors 60. 62. 66 and 69 are 
provided to preferably receive the four separated 
green, orange, red and far red light paths, respec- 
tively. These fluorescence detectors may be low- 
noise photomultiplier tubes or the like which con- 
vert optical signals into electrical signals. Although 
not showri In Rg. 1, these electrical signals are 
then fed electrically to be processed by the elec- 
tronics of the flow cytometry device for analysis or 
other purposes. Various displays, information pre- 
sentation, accumulation or recordation may be pro- 
vided In the flow cytometry device. Similarly, the 
particles having specific characteristics may be 
separated and sorted in accordance with the tech- 
nique taught in U.S. Pat No. 3.826.364. 

Operation of the present invention shall now be 
described in conjunction with the following example 
for illustrative purposes only. This example exem- 
plifies, but does not limit the scope of, the tech- 
nique for detecting, distinguishing and/or quantify- 
ing multiple subpopulations of particles in a sam- 
ple. 

In this example, mononuclear leukocytes ob- 
tained from a human source were prepared in 
known fashion and reacted with three monoclonal 
antibodies with the designations anti-leu 2, anti-leu 
7 and anti-leu 11 having three different im- 
munofluorescent stains labeled thereon. These 
three immunofluorescent stains each have a pre- 
determined fluorescence response to an optical 
stimulation. In particular, anti-leu 2 was conjugated 
with phycoerythrin (PE), to form an immunofluores- 
cent stain which, when stimulated, emits fluores- 
cence at a wavelength of about 575 nm. at or near 
the orange region of the color spectrum. Anti-leu 7. 
coupled with blotin and reacted In indirect labeling 
with avidin-conjugated with Texas Red (trademark 
of Molecular Probes, Piano. Texas) which, when 
stimulated, emits fluorescence at a wavelength of 
about 620 nm. placing It at or near the red region 
of the color spectrum. Anti-ieu 11 was conjugated 
with a fluorochrome known as fluorescein (FITC) to 
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form an immunofluorescent stain which, when ex- 
cited, emits fluorescence at a wavelength of ap- 
proximately 530 nm. placing It In the green region 
of the color spectrum. 

These mononuclear leukocytes labeled se- 
quentially with anti-leu 2 (PE), anti-leu 11 (FITC), 
and anti-leu 7 (biotin and avidin Texas Red) were 
placed in a sample liquid medium and the sample 
was passed through a dual laser FACS 
fluorescence-activated cell sorting flow cytometry 
device (Becton Dickinson FACS Systems, Sunny- 
vale, California), Two lasers were utilized In an 
arrangement such as illustrated in Fig. 1 herein. 
One of the lasers was an argon ion laser having a 
primary emission at 488 nm; the other laser utilized 
was a rhodamine 6-G dye laser having a primary 
emission at 600 nm. Utilizing the arrangement such 
as illustrated in Rg 1, the labeled leukocyte cells 
were passed, substantially one at a time, suc- 
cesively through two areas of optical stimulation, 
one such area stimulated by light from the argon 
ion laser, the other area stimulated by light from 
the rhodamine 6-Q dye laser. FITC and PE, labeled 
respectively on anti-leu 11 anti-leu 2. were both 
excited by light from the argon ion laser, and 
fluorescence emitted by. these stains was detected 
by the fluorescence detectors 60 and 62, respec- 
tively. Light from the rhodamine 8-G dye laser 
stimulated the Texas Red carried on anti-leu 7. The 
fluorescence emitted thereby was detected by flu- 
orescence detector 66. 

The optical signals provided to fluorescence 
detectors 60. 62 and 66, as well as the scatter 
signal of the . particles passing through tiie light 
beams were provided to the analysis controls of 
the FACS equipment and were stored as a four- 
parameter list so that the results could be dis- 
played and interpreted. As illustrated in Fig. 2, four 
histograms are displayed of ungated data which 
show the results of this experiment to distinguish 
the multiple subclasses of leukocytes labeled with 
three different antibodies in one pass through the 
flow cytometry device. The first channel 75 dis- 
played the fonward scatter results of the particles 
passing through tiie 488 nm light beam and can be 
used to distinguish lymphocytes from monocytes 
based on iheir size. In the second channel 76, the 
histogram of tiie anti-leu 1 1 staining was displayed 
from the fluorescence signals generated thereby. 
Similarly, tiie tiiird channel 78 displayed the histo- 
gram of the anti-leu 7 labeling of cells. In tine fourtfi 
channel 79, the histogram of tiie anti-leu 2 labeling 
of cells was displayed as a function of their fluores- 
cence characteristics. 

A correlation plot of the two cell surface mark- 
ers leu 7 and leu 11 is illustrated in Hg. 3, With 
respect to this figure, cells with light scatter signals 
identifiable as lymphocytes (from Rg. 2) were dis- 



played. Upon reanalysis of this same data based 
on tiie additional parameter of leu 2, Rgs. 4 and 5 
were generated. The correlation of anti-leu 7 and 
anti-leu 1 1 staining of those cells which expressed 

6 the leu 2 antigen (gated area 80 of Rg. 2) is shown 
in Rgure 4. Similar con-elation plot of the cells 
which did not bind anti-leu 2 antibody (gated area 
81 of Rg. 2) is illustrated in Rg. 5. 

Accordingly, the reactivity of tfiree different 

10 antibodies on leukocyte cells were detected,, distin- 
guished and quantified based on the detected, dif- 
ferent characteristics of the immunofluorescent 
stains labeled on each cell as it passed through tiie 
instrument. While three different antibodies were 

75 detected In association with three different 
fluorochromatic agents, only two coherent light 
sources were relied upon in generating these re- 
' suits. 

In order to quantify four different im- 

20 munoflourescent stains in conjunction with the 
present invention, a second fluorochrome. distin- 
guishable from Texas Red, but excitable by the 
rhodamine 6-G dye laser, or other appropriate la- 
ser, could be employed. Specifically, if a fourtii 

25 subpopulation of leukocytes were labeled with an- 
other immunofluorescent stain, having as a con- 
jugate the fluorochrome known as alio phycocyanin 
(which emits fluorescence at a wavelength of ap- 
proximately 680 nm when excited placing it in the 

30 far red region of the color spectrum), four different 
immunofluorescent stains could be quantified by 
the present invention. Instead of Texas red, the 
fluorochrome known as R-phycocyanin may be 
used with results analagous to those obtained us- 

35 ing Texas Red. Still other fluorochromes may be 
employed to expand the analysis of multiple sub- 
populations of particles or cells. 

While the above, example for distinguishing 
three subpopulations of leukocytes, along with a 

40 modification thereof for assessing four subpopula- 
tions of cells while only using two lasers, specifi- 
cally identifies the four immunofluorescent stains 
utilized, it is understood tiiat the present invention 
is not limited to such a combination as described. 

45 Moreover, if the flow cytometry device has the 

appropriate resolution and data accumulation capa- 
bilities, the use of two lasers and three distinguish- 
able Immunofluorescent stains could permit the 
identification of up to eight different subsets of 

50 particles or cells. This same type of geometric 
progression will characterize the utilization of two 
lasers with* four or more distinguishable im- 
munofluorescent stains, so that many subsets can 
be identified in the analysis of particles or cells. 

55 Thus, the present invention provides a method 

and apparatus for detecting and distinguishing mul- 
tiple subpopulations of particles in a sample. Ad- 
vantageously, more subpopulations of particles in a 
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sample may be distinguished in one pass of par- 
ticles through the flow cytometry device than the 
number of fluorescence excitation sources em- 
ployed In this Invention. This feature clearly in- 
creases the efficiency of using flow cytometry tech- s 
niques to detect, quantify and sort multiple suk»- 
populations of cells or the like particles. 

Claims 

10 

1. A method for the simultaneous correlated de- 
tection of different biological particle surface 
antigens in a sample, comprising 

- selectively labelling biological particle 
surface antigens of biological particles in is 
a sample with a plurality of different sur- 
face marking agents responsive to light 
stimulation, each marking agent having 
spectrally distinguishable, quantifiable 
marking characteristics measurable by its 20 
light output 

- passing said labeled biological particle 
surface antigens successively through a 
plurality of spacially separate areas, each 
area including a beam of light at a dif- 25 
ferent wave length, the light in one area 
being at a wavelength which causes the 
stimulation of multiple surface marking 
agents on biological particle surface anti- 
gens passing through said one area, but 30 
which wavelength Is sufficiently spectral- 
ly, separate from the wavelength of light 

in an adjacent area so as to be substan- 
tially outside of the spectral range of 
stimulation and light output of the surface 36 
marking agents stimulated in an adjacent 
area; 

- detecting the characteristics of a greater 
number of surface marking agents than 

the number of said areas through, which 4o 
particles pass and said detection being 
performed simultaneously with respect to 
a plurality of characteristics associated 
with different surface marking agents in 
anyone of said areas; and 4S 

- distinguishing different surface antigens 
among said biological particle surface 
antigens relative to the detected, different 
and separately quantifiable characteris- 
tics of said surface marking agents, so 

said method being characterized by 

(a) said labeled biological particles passing 
at least two spacially separate areas sub- 
stantially one at a time, and 

(b) said detection including separating the 55 
surface marking agenfs output into distin- 
guishable wavelengths only by first optical 
means (58,64) and second optical means 




(59,61.65.68). 

2. The method of claim 1 wherein said biological 
particle surface antigens are cell surface anti- 
gens and wherein said method comprises 

- selectively labeling cell surface antigens 
in a sample with at least three different 
Immunofluorescent stains, each stain 
having a different fluorochrome with pre- 
determined, substantially separate emis- 
sion spectra; 

- passing said labeled cell surface anti- 
gens, substantially one at a time, through 
a first area of focused optical stimulation 
to provide excitation energy to excite one 
or more of said different stains; 

- sequentially passing said labeled cell 
surface antigens, substantially one at a 
time, through a second area of focused 
optical stimulation to provide excitation 
energy to excite. In said second area, 
one or more of said different stains so 
that at least tiiree different stains are 
excited by passing through said two 
areas of optical stimulation, the focused 
optical stimulation in each of said areas 
being caused by providing light at a dif- 
ferent wavelength to each of said areas, 
the light which Is provided to one of said 
areas of light stimulation being at a 
wavelength which causes the excitation 
of multiple stains on cell surface antigens 
passing through said one area of light, 
but which wavelength is sufficientiy spec- 
trally separate from the wavelength pro- 
vided to said other area of light stimula- 
tion so as to be substantially outside of 
the spectral range of excitation and emis- 
sion of the stains excited in said other 
area of stimulation; 

- detecting the fluorescence emitted by 
each differently excited stain by said first 
optical means (58,64) and by said sec- 
ond optical means (59,61,65,68) separat- 
ing stain emissions and said detection 
being performed simultaneously when a 
plurality of fluorescence signals Is emit- 
ted from different stains excited in any 
one of said areas of stimulation; and 

- distinguishing said cell surface antigens 
relative to tiie detected fluorescence 
characteristics thereof. 

3. The method of Claims 1 or 2 wherein the first 
optical means (58,64) are dichroic mirrors and 
the second optical means (59.61,65, 68) are 
filters. 
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4. The method of Claim 2 wherein the three dif- 
ferent fluorochromes of the stains are 
fluorescein, phycoerythrin and Texas red or 
fluorescein, phycoerythrin and alio 
phycocyanin. s 

5. The method of Claim 2 wherein the three dif- 
ferent fluorochromes of the stains are 
fluorescein, phycoerythrin and R-phycocyanin. 

10 

6. The method of Claims 1 and 2 wherein said 
cells are labeled with four different stains and 
there are two areas of focused optical stimula- 
tion. 

76 

7. The method of Claim 6 wherein the four dif- 
ferent fluorochromes of the stains are 
fluorescein, phycoerythrin, Texas red and alio 
phycocyanin. 

20 

8. The method of Claim 6 wherein the four dif- 
ferent fluorochromes of the stains are 
fluorescein, phycoerythrin, R-phycocyanin and 
alio phycocyanin. 

25 

9. The method of Claims 1 to 8 wherein the 
focused optical stimulation in each of said 
areas is caused by providing coherent light at 
a given wavelength to each of said areas. 

30 

10. The method "of Claim 9 wherein the coherent 
light provided to an area of stimulation is at a 
wavelength sufficiently separated from the 
wavelength of an adjacent spectral region of 
stimulation to be substantially outside of the 35 
spectral range of excitation and emission of 

the stains in an adjacent region. 

11- An apparatus for the simultaneous correlated 

detection of different cell surface antigens 40 
which have been selectively labeled with dif- 
ferent immunofluorescent stains each having 
predetermined, substantially separate emission 
spectra comprising: 

- means (40) for moving said labeled cell 45 
surface antigens in a flow path (38); 

- first means (12) Including a first source 
of light (12) for exciting one or more 
immunofluorescent stains in a first area 

of optical stimulation along said flow path so 
(38): 

- second means (14) including a second 
source of light (14) for exciting a plurality 
of said different immunofluorescent 
stains in a second area of optical stimu- 55 
lation along said flow path (38), said first 

and second sources of light selected to 
provide light at different wavelengths rel- 



ative to one another, each of which are 
selected to cause the excitation of mul- 
tiple stains on cell surface antigens pass- 
ing through the respective areas of stim- 
ulation, but which are sufficientiy spec- 
trally separate from each other to be 
substantially outside of the spectral 
range of excitation and emission of the 
excited stains in each of the respective 
areas of stimulation; and 
- means for distinguishing cell surface 
antigens relative to the detected fluores- 
cence characteristics thereof, 
said apparatus being chairacterized in that said 
means (40) is arranged for moving said labeled 
cell surface antigens in a flowpath (38) sub- 
stantially one at a time and said apparatus 
further comprises means (60,62,66,69) for de- 
tecting the fturoescence emitted by each dif- 
ferently excited immunofluorescent stain asso- 
ciated with the cell surface antigens including 
means for separating a plurality of spectrally 
different fluorescence signals of distinguishable 
wavelengths emitted from different stains ex- 
cited by any one of said excitation means, said 
means for separating only comprising first op- 
tical means (58,64) and second optical means 
(59,61,65,68). 

12- The apparatus of Claim 11 wherein the first 
optical means (58, 64) are dichroic mirrors and 
the second optical means (59,61,65,68) are 
filters. 

13. The apparatus of Claim 11 wherein the first 
means (12) and the second means (14) for 
exciting each includes a source for providing 
coherent light to said respective areas of stim- 
ulation. 

14. The apparatus of Claim 13 wherein the sour- 
ces (12.14) of coherent light are selected to 
provide light at wavelengths sufficientiy sepa- 
rated from each other to be substantially out- 
side of the spectral range of excitation and 
emission of the stains in each of the respective 
areas of stimulation. 

15. The apparatus of Claim 13 wherein the first 
source (12) of coherent light is an argon ion 
laser and the second source (14) of coherent 
light is a rhodamine 6-G dye laser or a helium- 
neon laser. 

16. The apparatus of claims 13 and 14 wherein the 
means for detecting includes up to two 
photodetector devices associated with each of 
the first and second means for exciting, each 
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such photodetector device capable of detect- 
ing light in a specifically defined, color region. 

17. The apparatus of Claim 13 wherein the means 

for distinguishing includes display means for s 
indicating the detected subpopuiations of cells. 

18. The apparatus of Claim 13 which further In- 
cludes means to determine the approximate 
number of ceils detected in each subpopula- io 
tion. 

Revendications 

1. Proc666 de detection en correlation simultan^e 76 
d'antigenes de surface de particules biologi- 
ques diffSrents dans un 6chantil!on, dans le- 
quel 

- on marque de fagon selective des anti- 
genes de surface de particules biologi- 20 
ques dans un ^chantillon comportant plu- 
sieurs agents de marquage de surface 
differents reagissant k une stimulation lu- 
mineuse, chaque agent de marquage 
ayant des caracterlstlques de marquage 25 
quantifiables pouvant etre distinguees 
spectralement, mesurables par son emis- 
sion de lumlere, 

- on fait passer lesdits antlg^nes de surfa- 
ce de particules biologiques marques 30 
success! vement a travers plusieurs zo- 
nes spatialement s^parees. chaque zone 
incluant un faisceau de lumiere a une 
longueur d'onde differente, la lumiere 
dans une zone etant a une longueur 35 
d'onde qui provoque la stimulation 
d'agents de marquage de surface multi- 
ples sur les antigenes de surface des 
particules biologiques qui passent a tra- 
vers ladite zone, mais cette longueur 40 
d'onde etant suffisamment separee spec- 
tralement de la longueur d'onde de la 
lumiere dans une zone adjacente pour 

etre sensiblement a Texterleur de I'inter- 
valle spectral de stimulation et d'^mis- 45 
sfon de lumiere des agents de marquage 
de surface stimulus dans une zone adja- 
cente; 

- on d^tecte les caracterlstlques d'un plus 
grand nombre d'agents de marquage de so 
surface que le nombre desdites zones k 
travers lesquelles des particules passent 

et ladite detection etant effectuee simul- 
tanement quant a plusieurs caracteristi- 
ques associ^es h differents agents de 55 
marquage de surface dans i'une quel- 
conque desdites zones; et 

- on distingue differents antigdnes de sur- 



face parmi lesdits antig&nes de surface 
de particules biologiques quant aux ca- 
racteristiques detectees, diff^rentes et 
separ^ment quantifiables desdits agents 
de marquage de surface, 
ledit precede etant caracterts^ en ce que 

(a) lesdites particules biologiques marquees 
passent en au molns deux zones spatiale- 
ment separees sensiblement une par une, 
et 

(b) ladite detection comprend la separation 
de remission de I'agent de marquage de 
surface en longueurs d'onde qui ne peuvent 
etre distinguees que par un premier moyen 
optique (58, 64) et un second moyen opti- 
que (59. 61, 65. 68). 

2. Precede de la revendication 1 dans lequel 
lesdits antigenes de surface des particules bio- 
logiques sent des antigenes de surface de 
cellules, et dans lequel 

- on marque de fagon selective les antige- 
nes de surface de cellules dans un 
echantlllon avec au moins trols taches 
immunofluorescentes differentes. chaque 
tache ayant un fluorochrome different 
avec des spectres d'emission predeter- 
mines, essentlellement separes; 

- on fait passer lesdits antigenes de surfa- 
ce de cellules marques, essentiellement 
un par un. k travers une premiere zone 
de stimulation optique concentree pour 
fourntr une energle d' excitation afin 
d'exciter une ou plusieurs desdites ta- 
ches diff^rentes; 

- on fait passer successivement lesdits 
antigenes de surface de cellules mar- 
ques, essentiellement un par un, a tra- 
vers une seconde zone de stimulation 
optique concentree pour fournir une 
energle d'excitation afin d'exciter. dans 
ladite seconde zone, une ou plusieurs 
desdites taches diff^ rentes de manifer© 
qu'au moins trois taches diff^rentes 
soient excises par passage a travers 
lesdites deux zones de stimulation opti- 
que. la stimulation optique concentree 
dans chacune desdites zones etant pro- 
voquee par la foumiture de lumiere h 
une longueur d'onde differente h cha- 
cune desdites zones, la lumiere qui est 
foumie k I'une desdites zones de stimu- 
lation lumiheuse etant a une longueur 
d'onde qui provoque I'excitation de ta- 
ches multiples sur les antigenes de sur- 
face cellulaires qui passent a travers la- 
dite zone de lumiere, cette longueur 
d'onde etant cependant suffisamment 
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20 



spectralement separee de la longueur 
d'onde fournie k ladite autre zone de 
stimulation lumineuse pour etre sensible- 
ment a Texterieur de rintervalle spectral 
d*excitation et d'^mission des taches ex- 6 
citees dans ladite autre zone de stinnula- 
tion; 

- on d^tecte la fluorescence emise par 
chaque tache diff^remment excitee par 

ledit premier moyen optique (58. 64) et io 
par ledit second moyen optique (59, 61 , 
65, 68). separant les emissions des ta- 
ches. et ladite detection ^tant effectu^e 
simultanement lorsque plusieurs signaux 
de fluorescence sont emis par differentes is 
taches excrtees dans Tune quelconque 
desdites zones de stimulation; et 

- oh distingue lesdits antigenes de surface 
cellulaires relativement a leurs caracate- 
ristiques de fluorescence detectees. 20 

3. Procede des revendications 1 ou 2 dans lequel 
le premier moyen optique (58, 64) est constl- 
tue de miroirs dichroTques et le second moyen 
optique (59. 61. 65, 68) est constitue de filtres. 25 

4. Procede de la revendication 2 dans lequel les 
trois diff^rents fluorochromes des taches sont 
la fluoresc^ine, la phycoerythrine et le rouge 

du Texas ou la fiuoresceine. la phycoerythrine 30 
et Tallo-phycocyanlne. 

5. Proc^d^ de la revendication 2 dans lequel les 
trois diffSrents fluorochromes des taches sont 

la fiuoresceine. la phycoerythrine et la R-phy- 35 
cocyanine. 

6. Precede des revendications 1 et 2 dans lequel 
lesdites cellules, sont marquees avec quatre 
taches differentes et il existe deux zones de 40 
stimulation optique concentree. 

7. Procede de la revendication 6 dans lequel les 
quatre diffSrents fluorochromes des taches 

sont la fiuoresceine, la phycoerythrine. le rou- 45 
ge du Texas et Tallo-phycocyanine. 

8. Procede de la revendication 6 dans lequel les 
quatre difterents fluorochromes des taches 
sont la fiuoresceine. la phycoerythrine. la R- so 
phycocyanine et I'allo-phycocyanine. 

9. Procede des revendications 1^8 dans lequel 
la stimulation optique concentree dans cha- 
cune desdites zones est provoquee par la four- 55 
niture d'une lumlere cohe rente h une longueur 
d'onde donnee k chacune desdites zones. 



10. Procede de la revendication 9 dans lequel la 
lumiere coherente fournie k une zone de sti- 
mulation est a une longueur d'onde suffisam- 
ment separee de la longueur d'onde d'une 
region de stimulation spectrale adjacente pour 
etre essentiellement k Texterieur de rintervalle 
spectral d'excitation et d'emission des taches 
dans une region adjacente. 

11. Appareil de detection en correlation simultanee 
d'antig§nes de surface de cellules differents 
qui ont ete selectivement marques avec des 
taches immunofluorescentes differentes ayant 
chacune des spectres d'emission predetermi- 
nes essentiellement separes comprenant: 

- un moyen (40) pour deplacer lesdits anti- 
genes de surface de cellules marques 
dans une voie d'ecoulement (38); 

- un premier moyen (12) incluant une pre- 
miere source de lumiere (12) pour exci- 
ter une ou plusieurs taches immunofluo- 
rescentes dans une premiere zone de 
stimulation optique le long de ladite voie 
d*ecoulement (38); 

- un second moyen (14) incluant une se- 
conde source de lumiere (14) pour exci- 
ter plusieurs desdites taches immuno- 
fluorescentes differentes dans une se- 
conde zone de stimulation optique le 
long de ladite voie d'ecoulement (38), 
lesdites premiere et seconde sources de 
lumiere choisies pour foumir de la lumie- 
re k differentes longueurs d'onde relati- 
vement I'une k Pautre, chacune etant 
choisie pour provoquer Texcltation de ta- 
ches multiples sur les antigenes de sur- 
face de cellules passant k travers les 
zones de stimulation respectives. mals 
qui sont suffisamment spectralement se- 
parees Tune de Tautre pour §tre sensi- 
blement k I'exterieur de IMntervalle spec- 
tral d'excitation et d'emission des taches 
excitees dans chacune des zones res- 
pectives de stimulation; et 

- un moyen pour distinguer les antigenes 
de surface cellulaires relativement k 
leurs caracteristiques de fluorescence 
detectees, 

ledit appareil etant caracterise en ce que ledit 
organe (40) est dispose pour deplacer lesdits 
antigenes de surface de cellules marques dans 
une voie d'ecoulement (38) sensiblement un 
par un et ledit appareil comprenant en outre 
des moyens (60. 62. 66, 69) pour detecter la 
fluorescence emise par chaque tache immuno- 
fluorescente differemment excitee associee 
aux antigenes de surface des cellules y com- 
pris des moyens pour separer plusieurs si- 
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gnaux de fluorescence spectralement diff^- 
rents de longueur d'onde pouvant etre distin- 
gu6e et emis par des taches differentes exci- 
t^es par Tun queiconque desdits organes d'ex- 
citation, ledit organe de separation ne compre- s 
nant qu'un premier moyen optique (58, 64) et 
un second moyen optique (59, 61 . 65, 68). 

12. Appareil de la revendication 11 dans lequel le 
premier moyen optique (58, 64) est constitu6 io 
de miroirs dichroTques et le second moyen 
optique (59, 61 , 65. 68) est constitue de filtres. 

13. Appareil de ia revendication 11 dans lequel le 
premier moyen (12) et le second moyen (14) 15 
d'excltation comprennent chacun une source 
pour foumir de la lumiere coh^rente auxdites 
zones respectives de stimulation. 

14. Appareil de la revendication 13 dans lequel les 20 
sources (12. 14) de lumiere coherente sent 
cholsies pour foumir de la lumiere h des lon- 
gueurs d'onde suffisamment separ^es les unes 

des autres pour etre sensiblement k Pexterieur 
de rintervalle spectral d'excitation et d'^mis- 25 
sion des taches dans chacune des zones de 
stimulation respectives. 

15. Appareil de la revendication 13 dans lequel la 
premiere source (12) de lumiere colierente est 30 
un laser a argon ionique et la seconde souce * 
(14) de lumiere coherente est un laser a colo- 
rant rhodamlne 6-G ou un laser h I'hellum- 
n^on. 

35 

16. Appareil des revendlcations 13 et 14 dans le- 
quel le moyen de detection comprend jusqu'a 
deux dispositifs photodetecteurs associes a 
chacun des premier et second organe d'excita- 
tion, chacun de ces dispositifs photodetecteurs 40 
§tant capable de detecter la lumiere dans une 
region de couleur sp^cifiquament definle. 

17. Appareil de la revendication 13 dans lequel le 
moyen de distinction comprend un organe 45 
d'affichage pour indiquer les sous-populations 

de cellules d^tectees. 

18- Appareil de la revendication 13 qui comprend 

en outre un moyen pour determiner le nombre so 
approximatif de cellules d^tectees dans cha- 
que sous-population. 

Patentansprilche 

65 

1. Verfahreh fUr die gleichzeitlge konrelierte Be- 
stimmung verschiedener Antigene auf der 
OberflSche biologischer Tellchen in einer Pro- 
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be, umfassend 

- die selektive Markierung von Antigenen 
auf der Oberflache biologischer Teilchen 
in einer Probe mit einer Vielzahl ver- 
schiedener Oberflachen-Markierungsmit- 
tel, die auf Lichtanregung reagreren, v\ro- 
bei Jedes Markierungsmittel spektral un- 
terscheidbare, quantifizierbare Markie- 
rungseigenschaften aufweist, die durch 
ihre Uchtabgabe mefibar sind; 

- das sukzessive Hindurchschicken dieser 
markterten Antigene auf der pberflMche 
biologischer Teilchen durch eine Vielzahl 
rSumlich getrennter Bereiche, wobei je- 
der. Bereich einen Lichtstrahl verschiede- 
ner Wellenlgnge einschHe0t, und das 
Licht in einem Bereich eine WellenlSnge 
hat, die die Anregung einer Vielzahl von 
Oberfl3chen-Markierungsmitteln auf Anti- 
genen auf der Oberflache biologischer 
Teilchen hervorruft, die diesen einen Be- 
reich passieren, die aber im Spektrum 
genugend weit von der Wellenlange des 
Lichts in einem benachbarten Bereich 
entfemt llegt, so daB sie im wesentlichen 
au/3erhalb des Spektralbereichs der Anre- 
gung und der Uchtabgabe der 
Oberflachen-Markierungsmittel liegt, die 
in einem benachbarten Bereich angeregt 
werden; 

- die Bestimmung der Eigenschaften einer 
Anzahl von OberflMchen-Markierungsmlt- 
teln. die grower ist als die Anzahl der 
Bereiche, die die Teilchen passieren, wo- 
bei die Bestimmung gleichzeitig bezUg- 
lich einer Vielzahl von Bgenschaften vor- 
genommen wird, die mit den verschiede- 
nen OberfiSchen-MarkierungsmitteIn in ir- 
gendeinem dieser Bereiche verknUpfl 
sind; und 

- die Unterscheldung verschiedener Ober- 
Mchenantigene unter den Antigenen auf 
der Oberflache biologischer Teilchen be- 
zUglich der erfaBten. verschiedenen und 
separat quantifizlerbaren Bgenschaften 
dieser Oberflgchen-Markierungsmittei; 

wobei das Verfahren dadurch gekennzeichnet 
ist. dai3 

(a) die markierten biologischen Teilchen we- 
nigstens zwei r3umlich voneinander ge- 
trennts Bereiche im wesentiichen einzein 
nacheinander passieren; und 

(b) die Bestimmung die Trennung der Emis- 
sion des Oberflachen-Markierungsmittels in 
unterscheidbare Wellenlangen erst durch 
die erste optische Vorrichtung (58,64) und 
die zweite optische Vorrichtung 
(59,61 ,65.68) einschlieat 
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2. Verfahren nach Anspruch 1, wobel die Antige- 
ne auf der Oberflache biologischer Teilchen 
Anttgene auf Zelloberflachen sind und das Ver- 
fahren umfaSt: 

- die selektive Markierung von Antigenen 5 
auf Zelloberflachen in einer Probe mrt 
wenigstens drei immunfluoreszierenden 
Flecken, wobei jeder Fleck einen ver- 
schiedenen Ruorochronn mrt mit vorbe- 
stimmtem. Im wesentllchen getrenntem io 
Emissionspektrum aufweist; 

- das Hindurchschicken der markierten An- 
tigene auf Zelloberflichen - im wesentll- 
chen einzein nacheinander - durch einen 
ersten Bereich gebundelter optischer An- 75 
regung. um Anregungsenergle zu Hefern, 

so 6aB einer Oder mehrere dieser ver- 
schiedenen Flecke angeregt wird; 

- das sequenzweise Hindurchschicken der 
markierten Antigene auf Zelloberflachen - 20 
Im wesentllchen nacheinander - durch ei- 
nen zweiten Bereich gebundelter opti- 
scher Anregung, um Anregungsenergle 

zu liefern, um in diesem zweiten Bereich 
einen oder mehrere dieser verschiede- 25 
nen Flecke anzuregen, so dafl wenig- 
stens drei verschiedene Flecke belm 
Durchgang durch die beiden Bereiche 
optischer Anregung angeregt werden. 
wobei die gebUndelte optische Anregung so 
in jedem der Bereiche durch Licht ver- 
schiedener Welfenlange hervorgerufen 
wird, wobei das LIcht mit dem^ einer der 
Bereiche der LIchtanregung versehen 
wird. eine Wellenlange aufweist, die die 35 
Anregung einer Vlelzahl von Recken auf 
den Zelloberflachen-Antfgenen tiervorruft, 
die den einen LIchtbereich passieren, die 
aber im Spektrum geniigend weit von 
der Wellenlange des Lichts entfernt liegt, 40 
mit dem der andere Bereich der LIchtan- 
regung versehen wird. so daB sle im 
wesentllchen aujSerhalb des Spektralbe- 
reichs der Anregung und Emission der 
Recke liegt, die in dem benachbarten 45 
Anregungsbereich angeregt werden; 

- die Bestimmung der durch jeden unter- 
schiedlich angeregten Fleck emittlerten 
Fluoreszenz durch die erste optische 
Vorrichtung (58,64) und die zweite opti- so 
sche Vorrichtung (59.61,65,68), welche 

die Reck- Emission en trennen, wobei die 
Bestimmung gleichzeitig erfolgt, wenn 
eine Vielzahl von Fluoreszenz-Signalen 
von verschiedenen Flecken emittiert wird, 55 
die In irgendeinem der Anregungsberei- 
che angeregt werden; und 

- die Unterscheldung der ZelldberflSchen- 



Antigene bezuglich ihrer erfafiten 
Fluoreszenz-Eigenschaften. 

3- Verfahren nach Anspruch 1 oder 2, wobei die 
ersten optischen Vorrichtungen (58,64) dichroi- 
tische Spiegel sind, und die zweiten optischen 
Vomchtungen (59.61.65,68) RIter sind, 

4. Verfahren nach Anspruch 2. wobei die drei 
verschiedenen Ruorochrome der Flecke Fluo- 
rescein, Phycoerythrin und Texas-Rot oder 
Fluorescein, Phycoerythrin und allo-Phycocy- 
anin sind. 

5. Verfahren nach Anspruch 2. wobel die drei 
verschiedenen Ruorochrome der Recke Rlio- 
rescein, Phycoerythrin und R-Phycocyanin 
sind. 

6. Verfahren nach Anspruch 1 und 2, wobei die 
Zellen mit vier verschiedenen Flecken markiert 
werden und zwei Bereiche gebUndelter opti- 
scher Anregung vorhanden sind. 

7. Verfahren nach Anspruch 6, wobel die vier 
Verschiedenen Ruorochrome der Recke Ruo- 
rescein, Phycoerythrin, Texas-Rot und allo- 
Phycocyanin sind. 

8. Verfahren nach Anspruch 6, wobei die vier 
verschiedenen Ruorochrome der Recke Fluo- 
rescein, Phycoerythrin, R-Phycocyanin und 
allo-Phycocyanin sind. 

9. Verfahren nach Anspruchen 1 bis 8. wobei die 
gebClndelte optische Anregung in jedem der 
Bereiche hervorgerufen wird, indem jeder der 
Bereiche mit koharentem Licht einer bestimm- 
ten WellenlSnge versehen wird. 

10. Verfahren nach Anspruch 9, wobei das kohS- 
rente Ucht, mit dem ein Anregungsbereich ver- 
sehen wird, eine Wellenlange hat, die genO- 
gend weit von der Wellenlange eines benach- 
barten Spektralbereichs der Anregung entfernt 
liegt, so dais sle im wesentllchen au^erhalb des 
Spektralbereichs der Anregung und Emission 
der Flecke in einem benachbarten Bereich 
liegt. 

11. GerSt fOr die gleichzeitige konrelierte Bestim- 
mung verschiedener Antigene auf Zelloberfla- 
chen, die selektiv mit verschiedenen immun- 
fluoreszierenden Recken markiert wurden, wel- 
che jeweils vorbestlmmte. im wesentllchen ge- 
trennte Emissionsspektren aufweisen. umfas- 
send: 

- Vorrichtungen (40) zum Bewegen der 
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markierten Zelioberflachen-Antigene in 
einen RuBweg (38); 

- erste Vorrichtungen (12), die eine erste 
Lichtquelie (1 2) zur Anregung einer oder 
mehrerer immunfluoreszierender Recke 5 
in einem ersten Bereich optischer Anre- 
gung langs des FluBwegs (38) elnschlle- 
flen; 

- zweite Vorrichtungen (14), die eine zwei- 

te Lichtquelie (14) zur Anregung einer io 
Vietzahl der verschiedenen immunfluo- 
reszierenden Flecke in einem zweiten 
Bereich optischer Anregung langs des 
RuBwegs (38) einschileiSen. wobei die er- 
ste und die zweite Lichtquelie so ausge- is 
wahit ist, daB jeweils Licht verschiedener 
Welienlangen geliefert wird, und die 
LIchtquellen jeweils so ausgewahit wer- 
den. dafi Anregung einer VIeizahl von 
Recken auf Antlgenen auf ZelloberflM- 20 
chen hervorgerufen wird, welche die je- 
welligen Anregungsbereiche passieren, 
die aber genugend weit spektral vonein- 
ander getreiint sind, so daB sie im we- 
sentlichen auBerhaib des Spektratbe- 25 
reichs der Anregung und Emission der 
angeregten Flecke in jedem der jeweili- 
gen Anregungsbereiche liegen; und 

- Vorrichtungen zur Unterscheidung von 
Antlgenen auf Zelloberflachen bezUglich 30 
ihrer erfaBten Fiuoreszenzeigenschaften; 

wobei das Qerat dadurch gekennzeichnet ist, 
daB die Vorrichtungen (40) so angeordnet sind, 
daB die markierten Antigene auf Zelloberfla- 
chen im wesentlichen einzein nacheinander in 3S 
einen FluBweg (38) eingebracht werden, und 
das Gerat die weiteren Vorrichtungen 
(60,62,68,69) zur Bestimmung der Fluorezenz 
umfaBt, die von jedem unterschiediich ange- 
regten Reck emittiert wird, der mit den Antige- 4o 
nen auf ZelloberflMchen verknUpft ist. wozu 
auch Vorrichtungen zur Trennung einer Vtel- 
zahl spektral verschiedener Fluoreszenz-Signa- 
le unterscheidbarer Welienlangen gehoren, die 
von verschiedenen Recken emittiert werden, 45 
die durch irgendeine der Anregungsvorrichtun- 
gen angeregt wurden, wobei diese Trennungs- 
vorrichtungen nur erste optische Vorrichtungen 
(58,64) und zweite optische Vorrichtungen 
(59,61,65,68) umfassen. 50 

12- Gerat nach Anspruch 11, wobei die ersten 
optischen Vorrichtungen (58,64) dichroitische 
Spiegel sind. und die zweiten optischen Vor- 
richtungen (59,61 ,65,68) RIter sind. 55 

13. Ger3t nach Anspruch 11, wobei die ersten 
Vorrichtungen (12) und die zweiten Vorrichtun- 



gen (14) fur die Anregung jeweils eine Quelle 
eInschlieBen, die fUr die jeweiligen Anregungs- 
bereiche koharentes Licht liefert. 

14. GerMt nach Anspruch 13, wobei die Quellen 
(12,14) kohSrenten Lichts so ausgew3hlt sind, 
daB sle Licht mit Wellenlingen llefem, die ge- 
nGgend weit spektral voneinander getrennt 
sind, so daB sie im wesentlichen auBerhalb des 
Spektralberelchs der Anregung und Emission 
der Recke in jedem der jeweiligen Anregungs- 
bereiche liegen. 

15. Gerat nach Anspruch 13, wobei die erste Quel- 
le (12) kohSrenten Lichts ein Argon-lonenlaser 
ist. und die zweite Quelle koharenten Lichts 
ein Rhodamin-6-G-Farblaser oder ein Helium- 
Neon-Laser ist. 

16. Gerat nach Anspruch 13 und 14, wobei die 
Bestimmungsvorrichtungen bis zu zwei 
Photodetektor-Einrichtungen eInschlieBen, die 
mit jeder der ersten und zweiten Anregungs- 
vorrichtungen verbunden sind, wobei jede die- 
ser Photodetektor-Einrichtungen befShigt ist, 
Licht einer spezifisch definierten Farbregion zu 
bestlmmen. 

17. Gerat nach Anspruch 13, wobei die Unter- 
scheidungsvorrichtungen Anzeigevorrichtungen 
zum Anzeigen der erfaflten Zell-Subpopulatio- 
nen einschlieBen. 

18. Gerat nach Anspruch 13, das weitere Vorrich- 
tungen zur Bestimmung der ungefShren Anzahl 
erfaBter Zellen in jeder Subpopulation ein- 
schlieBt 
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